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(54) [Title of the Invention] ORGANIC EL DISPLAY DEVICE 
(57) [Abstract] 

[Problem] To provide an organic EL display device which can realize both high 
luminance and low power consumption in all pixels that emit light of different colors 
from each other. 

[Solution] An organic EL display device 1 of the present invention includes a 

substrate 1 1 , and first to third organic EL elements 30R, 30G, and 30B which are arranged 
over one main surface of the substrate 11 and emit light of different colors from each 
other. Each of the first to third organic EL elements 30R, 30G, and 30B includes an 
anode 25, a cathode 29 facing the anode 25, a light emitting layer 28 interposed between 
the anode 25 and the cathode 29, and a hole injecting layer 27 interposed between the 
anode 25 and the light emitting layer 28. The hole injecting layers 27 of at least two of 
the first to third organic EL elements 30R, 30G, and 30B contain a donor material and an 
acceptor material, and there is a difference in ratio of the acceptor material to the donor - 
material between at least two of the first to third organic EL elements 30R, 30G, and 30B. 
[Chosen Drawing] FIG. 1 
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[Scope of Claims] 
[Claim 1] 

An organic EL display device comprising a substrate, and first to third organic 
EL elements which are arranged over one main surface of the substrate and emit light of 
5 different colors from each other,. 

wherein each of the first to third organic EL elements includes an anode, a 
cathode facing the anode, a light emitting layer interposed between the anode and the 
cathode, and a hole injecting layer interposed between the anode and the light emitting 
layer, and 

10 the hole injecting layers of at least two of the first to third organic EL elements 

contain a donor material and an acceptor material and there is a difference in ratio of the 
acceptor material to the donor material between at least two. of the first to third organic EL 
elements. 
[Claim 2] 

15 The organic EL display device according to claim 1, wherein there is a 

difference in thickness between the hole injecting layers of at least two of the first to 
third organic EL elements. 

[Detailed Description of the Invention] 
20 [0001] 

[Technical Field to which the Invention Pertains] 

The present invention relates to an organic EL (electroluminescence) display 

device and particularly to an organic EL display device in which each organic EL 

element includes a hole injecting layer. 
25 [0002] 

[Prior Art] 

With the recent development of information society, a variety of mobile 
devices and terminal devices are becoming more and more popular, and the demand for 
reduction in power consumption of display devices incorporated therein keeps growing. 
30 Organic EL elements are self-light-emitting surface emitting diodes (C. W. Tang and S. 
A. VanSlyke, Appl. Phys. Lett. 51, 913 (1987)), which can cause light emission by 
application of a low voltage of 10 V or less and can realize various emission colors 

3/19 



English Translation of JP-2004-119201 

including three colors of blue, green, and red. From these aspects, organic EL display 
devices are attracting attention as a major candidate for next-generation flat-screen 
display devices to replace liquid crystal display devices. However, organic EL display 
devices have the following problem. 
5 [0003] 

The number P of photons emitted from an organic EL element of an organic EL 
display device to the outside of the device through a glass substrate is expressed by the 
following equation: 

P = fcxrAJ/e -.(I) 

10 where J is the density of current per unit area flowing in the element, and <|)ext 

is luminous efficiency (external quantum efficiency). Note that, in this equation (1), A 
represents the element area and e represents the elementary charge. As is clear from 
the above equation (1), if <|>ext is high, sufficient display luminance can be realized with 
small current, and an increase in luminance and a reduction in power consumption can 

1 5 be achieved at the same time. 
[0004] 

The luminous efficiency (external quantum efficiency) <|>ext is expressed by the 
following equation: 

<1>ext = X'^pl-^out ••• (2) 
20 where % is the electron-hole carrier balance, <t> PL is the PL (photoluminescence) 

luminous efficiency of a material which forms a light emitting layer, and <|>out is the 
light extraction efficiency. 
[0005] 

In general, the light extraction efficiency <|>out is the same among pixels 
25 corresponding to red, green, and blue if the pixel structure is the same. Thus, in order 
to achieve an increase in luminance and a reduction in power consumption at the same 
time, the electron-hole carrier balance % and the PL luminous efficiency <|>pl need to be 
enhanced for each color of red, green, and blue, whereby the luminous efficiency 
(external quantum efficiency) <|)ext needs to be enhanced to increase the number P of 
30 photons. 
[0006] 

However, in general, there is a difference in PL luminous efficiency 4>pl among 
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light emitting materials that emit red, green, and blue light. Thus, in order to enhance 
and roughly equalize the PL luminous efficiencies <|>pl for emission colors of red, green, 
and blue, development of a novel light emitting material, purification of a light emitting 
material, selection of appropriate combination, and the like are required. 
5 [0007] 

On the other hand, the electron-hole carrier balance % is dependent on device 
structure and is particularly strongly dependent on structures of a hole injecting layer 
and a cathode. The electron-hole carrier balance x can be approximated by the 
following formula: 

10 X = 2We+./h)-(3) 

where J Q is the electron current, Jh is the hole current, and electron is minority 

carrier. 

The electron current J e is affected by the height of a barrier between a light 
emitting layer and a cathode, and the hole current Jh is affected by the height of a barrier 

15 between a hole injecting layer and a light emitting layer. In addition, different 
emission colors naturally require different energy levels of light emitting materials. 
Thus, in a conventional organic EL display device where the same structures are 
employed for hole injecting layers and cathodes of pixels for red, green, and blue, there 
is a difference in electron current J e and hole current Jh among these pixels. That is, in 

20 a conventional organic EL display device, there is also a difference in electron-hole 
carrier balance x among pixels for red, green, and blue. 
[0008] 

If there are differences in electron-hole carrier balance x and PL luminous 
efficiency <J> PL among pixels for red, green, and blue as mentioned above, it is necessary 

25 to make a difference in current density J among these pixels in order to balance 
luminance among the pixels for red, green, and blue to ensure white balance. However, 
in the case of increasing the current density J of a pixel having lower electronrhole 
carrier balance x and PL luminous efficiency <(>pl, the power consumption of the pixel is 
increased and the lifetime of the pixel is significantly shortened. Thus, in a 

30 conventional organic EL display device, the luminance of a pixel having higher 
electron-hole carrier balance x and PL luminous efficiency <|>pl has to be sacrificed. 
That is, with a conventional organic EL display device, it has been difficult to realize 
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both high luminance and low power consumption in all pixels that emit light of different 

colors from each other. 

[0009] 

[Problem to be Solved by the Invention] 
5 The present invention is made in view of the above problem, and it is an object 

of the present invention to provide an organic EL display device which can realize both 
high luminance and low power consumption in all pixels that emit light of different 
colors from each other. 

It is another object of the present invention to provide an organic EL display 
10 device in which luminous efficiency is optimized for each emission color. 
[0010] 

[Means to Solve the Problem] 

In order to solve the above problem, the present invention provides an organic 
EL display device characterized by including a substrate, and first to third organic EL 

15 elements which are arranged over one main surface of the substrate and emit light of 
different colors from each other, wherein each of the first to third organic EL elements 
includes an anode, a cathode facing the anode, a light emitting layer interposed between 
the anode and the cathode, and a hole injecting layer interposed between the anode and 
the light emitting layer, and the hole injecting layers of at least two of the first to third 

20 organic EL elements contain a donor material and an acceptor material and there is a 
difference in ratio of the acceptor material to the donor material between at least two of 
the first to third organic EL elements. 
[0011] 

In the present invention, there may be a difference in thickness between the 
25 hole injecting layers of at least two of the first to third organic EL elements. 

Note that, in the present invention, the ratio of an acceptor material to a donor 
material, i.e. A/D ratio, may be any of a molar ratio (in the case of a polymer, a ratio of 
the number of repeating units), a mass ratio, and a volume ratio, but the A/D ratio 
hereinafter means the weight ratio of an acceptor material to a donor material unless 
30 otherwise specified. 
[0012] 

[Embodiment of the Invention] 
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Hereinafter, embodiments of the present invention are described in detail with 
reference to the drawings. Note that, in the respective drawings, similar or like 
components are denoted by the same reference numeral, and overlapping description is 
omitted. 
5 [0013] 

FIG. 1 is a cross-sectional view schematically illustrating an organic EL display 
device according to a first embodiment of the present invention. An organic EL 
display device 1 illustrated in FIG 1 has a structure in which an array substrate 2 and a 
sealing substrate 3 face each other with a sealing layer 4 interposed therebetween. The 
10 sealing layer 4 is provided along the periphery of the sealing substrate 3, whereby a 
sealed space is formed between the array substrate 2 and the sealing substrate 3. This 
space is filled with a noble gas such as an Ar gas or an inert gas such as an N2 gas. 
[0014] 

The array substrate 2 has a substrate 11. Over the substrate 11, for example, 
15 an SiN x layer 12 and an Si0 2 layer 13 are sequentially stacked as undercoat layers. 
Over the undercoat layer 13, semiconductor layers 14 such as polysilicon layers in 
which channels and source-drains are formed, a gate insulating film 15, and gate 
electrodes 16 are sequentially stacked, which form top-gate thin film transistors 
(hereinafter referred to as TFTs) 20. 
20 [0015] 

Over the gate insulating film 15 and the gate electrodes 16, an interlayer 
insulating film 21 made from Si0 2 or the like is provided. Over the interlayer 
insulating film 21, an electrode wiring (not illustrated) and source-drain electrodes 23 
are provided, which are buried in a passivation film 24 made from SiN x or the like. 
25 Note that the source-drain electrodes 23 are electrically connected to the source-drains 
of the TFTs 20 via contact holes provided in the interlayer insulating film 21 . 
[0016] 

Over the passivation film 24, transparent pixel electrodes (anodes) 25 and a 
partition insulating layer 26 are disposed side by side. The partition insulating layer 26 
30 has a structure in which a hydrophilic insulating layer 26a and a water-repellent 
insulating layer 26b are sequentially stacked. In addition, the partition insulating layer 
26 is provided with openings corresponding to the anodes 25. 
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[0017] 

Over the anodes 25 which are exposed in the openings of the partition 
insulating layer 26, hole injecting layers (or buffer layers) 27 and organic light emitting 
layers 28 are sequentially stacked. The hole injecting layers 27 contain, for example, a 
5 donor material and an acceptor material and function to mediate hole injection from the 
anodes 25 into the organic light emitting layers 28. In addition, the organic light 
emitting layers 28 are thin films containing, for example, a luminescent organic 
compound which emits red, green, or blue light. 
[0018] 

10 Over the partition insulating layer 26 and the light emitting layers 28, a 

common electrode (cathode) 29 is provided, and the cathode 29 is electrically connected ' 
to an electrode wiring via a contact hole (not illustrated) provided in the passivation 
film 24 and the partition insulating layer 26. Each of organic EL elements 30R, 30G, 
and 30B which emit red, green, and blue light includes the anode 25, the hole injecting 

1 5 layer 27, the light emitting layer 28, and the cathode 29. 
[0019] 

Now, in this embodiment, a difference in material is made between the hole 
injecting layers 27 of at least two kinds of the organic EL elements 30R, 30G, and 30B. 
The height of the barrier between the hole injecting layer 27 and the light emitting layer 

20 28 varies depending on a material of the hole injecting layer 27. Thus, as is clear from 
the above equation (3), when materials of the hole injecting layers 27 are optimized for 
respective emission colors of the organic EL elements 30R, 30G, and 30B, the 
electron-hole carrier balance % can be optimized depending on material characteristics 
of organic EL light emitting layers. 

25 [0020] 

Therefore, when materials in the hole injecting layers 27 of the organic EL 
elements 30R, 30G, and 30B are each appropriately set, high luminous efficiency 
(external quantum efficiency) <(>ext can be realized in each of the organic EL elements 
30R, 30G, and 30B, and in addition, a difference in luminous efficiency (external 
30 quantum efficiency) <[>ext among them can be reduced. Accordingly, both high 
luminance and low power consumption can be realized in all of the organic EL elements 
30R, 30G, and 30B. 
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[0021] 

In this embodiment, in order to appropriately set materials of the hole injecting 
layers 27, the hole injecting layers 27 of the organic EL elements 30R, 30G, and 30B are 
formed with mixtures each containing a donor material of the same composition and an 
5 acceptor material of the same composition, and a difference in mixing ratio of the 
acceptor material to the donor material (A/D ratio) is made depending on characteristics 
of each light emitting material of the organic EL elements 30R, 30G, and 30B. By 
such a method, a hole injecting layer material can be adjusted and its ionization 
potential can be controlled. In the case where a hole injecting layer material is a single 
10 composition material, material development corresponding to the number of emission 
colors has been needed to enhance luminous efficiency for each emission color. 
However, with the use of a mixture material of a donor material and an acceptor 
material, design and manufacture are easy. 
[0022] 

15 In the case where a difference in A/D ratio is made between at least two kinds 

of the organic EL elements 30R, 30G, and 30B, the A/D ratio in each hole injecting 
layer 27 is preferably in the range of 5 to 30. If the A/D ratio exceeds the upper limit 
mentioned above, in at least one kind of the organic EL elements 30R, 30G, and 30B, 
the hole current may be significantly increased compared to the electron current, and the 

20 electron-hole carrier balance % may become small, which means luminous efficiency 
may become low. In addition, in the case where the A/D ratio is less than the lower 
limit mentioned above, in at least one kind of the organic EL elements 30R, 30G, and 
30B, the hole current may become significantly insufficient compared to the electron 
current, and the electron-hole carrier balance % may also become small, which means 

25 luminous efficiency may become low. 
[0023] 

In addition, in the case where a difference in A/D ratio is made between at least 
two kinds of the organic EL elements 30R, 30G, and 30B, the difference in A/D ratio 
between them is preferably 1 or more. If the difference in A/D ratio is small, there are 
30 cases where the effect of making a difference in electron-hole carrier balance x does not 
significantly appear. Note that, as the A/D ratio is increased, the ionization potential is 
increased and the amount of hole injection into the light emitting layer 28 is increased. 
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[0024] 

Next, materials that can be used for major components of the organic EL 
display device 1 according to this embodiment, and the like are described. 

As the substrate 11, anything that can hold a structure formed thereover may be 
5 used. As the substrate 11, a hard substrate such as a glass substrate is common, but a 
flexible substrate such as a plastic sheet may be used depending on intended use of the 
organic EL display device 1 . 
[0025] 

In the case where the organic EL display device 1 is of a bottom emission type 
10 where light is emitted from the substrate 11 side, transparent electrodes having a light 
transmitting property are used as the anodes 25. As a material of the transparent 
electrodes, a transparent conductive material such as ITO (indium tin oxide) can be used. 
The transparent electrodes can be obtained by, for example, depositing a transparent 
conductive material such as ITO by an evaporation method, a sputtering method, or the 
1 5 like and by patterning the thus obtained thin film using a photolithography technique. 
[0026] 

The partition insulating layer 26 may have a single-layer structure or may have 
a multilayer structure. For example, the partition insulating layer 26 may be formed 
with the insulating layer 26b alone. However, in the case where the partition 
20 insulating layer 26 is formed with the insulating layers 26a and 26b, the position 
accuracy and the cross-sectional shape of the hole injecting layers 27 and the light 
emitting layers 28 can be controlled with higher accuracy. 
[0027] 

As a material of the insulating layer 26a, for example, an inorganic insulating 
25 material such as silicon nitride or silicon oxide can be used. The insulating layer 26a 
made from such an inorganic insulating material exhibits a relatively high hydrophilic 
property. As a material of the insulating layer 26b, for example, an organic insulating 
material such as a photosensitive resin can be used. 
[0028] 

30 In the case where a mixture containing a donor material and an acceptor 

material is used as a material of the hole injecting layers 27, as such a mixture, for 
example, a mixture containing a donor polymeric organic compound and an acceptor 
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polymeric organic compound can be used. As examples of donor polymeric organic 
compounds, polythiophene derivatives such as polyethylene dioxythiophene, 
polyaniline derivatives such as polyaniline, and the like can be given. In addition, as 
examples of acceptor polymeric organic compounds, polystyrene sulfonate and the like 
5 can be given. 
[0029] 

The hole injecting layers 27 can be obtained by, for example, filling by a 
solution coating method liquid pits formed by the partition insulating layer 26 with a 
solution of a mixture of a donor polymeric organic compound and an acceptor 
10 polymeric organic compound which is dissolved in an organic solvent and by drying 
liquid films in the liquid pits to remove the solvent from the liquid films. As examples 
of solution coating methods that can be used to form the buffer layers 27, an ink-jet 
method and the like can be given. 
[0030] 

15 As a material of the light emitting layers 28, a luminescent organic compound 

which is commonly used for an organic EL display device can be used. Among such 
organic compounds, as examples of ones that emit red light, polymeric compounds 
having an alkyl or alkoxy substituent on benzene ring of a polyvinylene styrene 
derivative, polymeric compounds having a cyano group on.vinylene group of a 

20 polyvinylene styrene derivative, and the like can be given. As examples of organic 
compounds that emit green light, polyvinylene styrene derivatives in which an alkyl, 
alkoxy, or aryl derivative substituent is introduced onto benzene ring, and the like can 
be given. As examples of organic compounds that emit blue light, polyfluorene 
derivatives such as a copolymer of dialkylfluorene and anthracene, and the like can be 

25 given. The light emitting layers 28 can also be formed by a method similar to that 
described for the hole injecting layers 27. 
[0031] 

The cathode 29 may have a single-layer structure or may have a multilayer 
structure. In the case where the cathode 29 has a multilayer structure, for example, a 
30 two-layer structure may be employed in which a main conductor layer containing 
barium, calcium, or the like and a protective conductor layer containing silver, 
aluminum, or the like are sequentially stacked over the light emitting layers 28. 
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Alternatively, a two-layer structure may be employed in which a nonconductor layer 
containing barium fluoride or the like and a conductor layer containing silver, aluminum, 
or the like are sequentially stacked over the light emitting layers 28. Still alternatively, 
a three-layer structure may be employed in which a nonconductor layer containing 
5 barium fluoride or the like, a main conductor layer containing barium, calcium, or the 
like, and a protective conductor layer containing silver, aluminum, or the like are 
sequentially stacked over the light emitting layers 28. 
[0032] 

Next, a second embodiment of the present invention is described. 

10 FIG. 2 is a cross-sectional view schematically illustrating an organic EL display 

device according to the second embodiment of the present invention. An organic EL 
display device 1 illustrated in FIG. 2 has a structure similar to that of the organic EL 
display device 1 illustrated in FIG. 1, except that there is a difference in thickness 
between hole injecting layers 27 of at least two kinds of organic EL elements 30R, 30G, 

15 and30B. 
[0033] 

The hole injecting layer 27 can be regarded as a resistor which is serially 
connected to the light emitting layer 28, and the resistance of the hole injecting layer 27 
increases as its thickness increases. Thus, for example, when the hole injecting layer 

20 27 of one that has lower luminous efficiency (external quantum efficiency) <|>ext among 
the organic EL elements 30R, 30G, and 30B is made thinner, the luminance of the 
element can be increased without increasing its power consumption. Therefore, 
according to this embodiment, the effect described in the first embodiment can be 
further enhanced. 

25 [0034] 

The thickness of the hole injecting layer 27 is preferably in the range of 5 nm 
to 100 nm. In the case where the hole injecting layer 27 is excessively thin, it may be 
difficult to form the hole injecting layer 27 as a continuous film with roughly uniform 
thickness. In addition, in the case where the hole injecting layer 27 is excessively 
30 thick, power consumption is increased due to the resistance of the hole injecting layer 
. 27. 
[0035] 
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In the case where a difference in thickness is made between the hole injecting 
layers 27 of at least two kinds of the organic EL elements 30R, 30G, and 30B, the 
difference in thickness between them is preferably 1 nm or more, more desirably, 5 nm 
or more. If the difference in thickness is small, there are cases where the resistances of 
5 the hole injecting layers 27 do not vary widely and the above-described effect does not 
significantly appear. 
[0036] 

In the first and second embodiments described above, the anodes 25 are 
provided over the passivation film 24, whereas the anodes 25 may be provided over the 

10 interlay er insulating film 21, which means that signal lines and the anodes 25 may be 
provided on the same plane. In addition, in the first and second embodiments, the 
organic EL display device 1 is of a bottom emission type, whereas it may be of a top 
emission type. Furthermore, in the case where the array substrate 2 is sealed with the 
counter substrate 3, element lifetime can be extended when a desiccant is encapsulated 

15 in the space between the substrates. In addition, when the space between the counter 
substrate 3 and the array substrate 2 is filled with a resin, heat dissipation characteristics 
can also be improved. 
[0037] 
[Example] 

20 Hereinafter, examples of the present invention are described. 

(Example 1) 

In this example, the organic EL display device 1 illustrated in FIG. 1 was 
manufactured by the following method. Note that, in this example, the display portion 
panel size was 2.2 inches diagonally, and the resolution was 130 ppi (pixel per inch). 
25 [0038] 

First, on the side of the glass substrate 11 where the undercoat layers 11 and 12 
were formed, film formation and patterning were repeated in a manner similar to a 
normal TFT forming process, whereby the polysilicon TFTs 20, the interlayer insulating 
film 21, the electrode wiring (not illustrated), the source-drain electrodes 23, and the 
30 passivation film 24 were formed. 
[0039] 

Next, over the passivation film 24, an ITO film was formed using a sputtering 

13/19 



English Translation of JP-2004- 119201 



method. Then, this ITO film was patterned using a photolithography technique, 
whereby anodes 31 were obtained. Note that the anodes 31 may be formed by a mask 
sputtering method. 
[0040] 

5 Next, on the side of the substrate 11 where the anodes 31 were formed, the 

hydrophilic layer 26a having an opening corresponding to a light emitting portion of 
each pixel was formed. Then, the side of the substrate 11 where the anodes 31 were 
formed was coated with a photosensitive resin, and the obtained coating film was 
subjected to pattern light exposure and development, whereby the water-repellent layer 
10 26b having an opening corresponding to the light emitting portion of each pixel was 
formed. 
[0041] 

As described above, the partition insulating layer 26 in which the hydrophilic 
layer 26a and the water-repellent layer 26b were stacked was obtained. Note that the 
15 substrate 11 where the partition insulating layer 26 was formed was then subjected to 
surface treatment with a CF4/O2 plasma gas, whereby the surface of the water-repellent 
layer 26b was fluorinated. 
[0042] 

Next, to one that corresponds to the organic EL element 30R for red among the 
20 liquid pits formed by the partition insulating layer 26, an ink for forming a hole 
injecting layer was selectively discharged by an ink-jet method, and the thus obtained 
liquid film was heated, whereby the hole injecting layer 27 was formed. Then, to one 
that corresponds to the organic EL element 30G for green among the liquid pits formed 
by the partition insulating layer 26, an ink for forming a hole injecting layer was 
25 selectively discharged by an ink-jet method, and the thus obtained liquid film was 
heated, whereby the hole injecting layer 27 was formed. Furthermore, to one that 
corresponds to the organic EL element 3 0B for blue among the liquid pits formed by the 
partition insulating layer 26, an ink for forming a hole injecting layer was selectively 
discharged by an ink-jet method, and the thus obtained liquid film was heated, whereby 
30 the hole injecting layer 27 was formed. 
[0043] 

Note that, in this example, 
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poly(3,4)-ethylenedioxythiophene-polystyrenesulfonate was used as a material of the 
hole injecting layer 27. That is, ethylenedioxythiophene was used as a donor material 
and polystyrenesulfonate was used as an acceptor material. In addition, the thickness 
of each of the hole injecting layers 27 corresponding to the organic EL elements 30R, 
5 30G, and 3 OB was approximately 20 nm. Furthermore, the A/D ratio of the hole 
injecting layer 27 corresponding to the organic EL element 30R for red was 20; the A/D 
ratio of the hole injecting layer 27 corresponding to the organic EL element 30R for 
green was 18; and the A/D ratio of the hole injecting layer 27 corresponding to the 
organic EL element 30R for red was 25. 
10 [0044] 

Then, over the hole injecting layers 27 corresponding to the pixels for red, 
green, and blue, inks for forming light emitting layers for red, green, and blue were 
discharged, respectively, by an ink-jet method, and the thus obtained liquid films were 
heated, whereby the light emitting layers 28 were formed. 
15 [0045] 

Next, on the side of the substrate 1 1 where the light emitting layers 28 were 
formed, BaF 2 and Al were sequentially deposited by a vacuum evaporation method. 
Accordingly, the cathode 29 having a two-layer structure was formed. As described 
above, the TFT array substrate 2 was completed. 
20 [0046] 

After that, an ultraviolet curable resin was applied to a peripheral portion of 
one main surface of the glass substrate 3, whereby the sealing layer 4 was formed. 
Next, the glass substrate 3 and the array substrate 2 were attached to each other in a dry 
nitrogen atmosphere such that the side of the glass substrate 3 where the sealing layer 4 
25 was provided and the side of the array substrate 2 where a cathode 32 was provided 
faced each other. Furthermore, the sealing layer was cured by ultraviolet irradiation, 
whereby the organic EL display device 1 illustrated in FIG. 1 was completed. 
[0047] 

Next, display performance of this organic EL display device 1 was measured. 
30 As a result, the luminous efficiencies (external current efficiencies) of the organic EL 
elements 30R, 30G, and 30B were 3.2 cd/A, 20.7 cd/A, and 4.1 cd/A, respectively. In 
addition, the panel front luminance was 40 cd/m 2 and the power consumption in 
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displaying a white screen was 30 mW. 
[0048] 

(Comparative Example) 

The organic EL display device 1 illustrated in FIG. 1 was manufactured by a 
5 method similar to that described in Example 1, except that the A/D ratio of the hole 
injecting layer 27 of each of the organic EL elements 30R, 30G, and 30B was 20. That 
is, in this example, the hole injecting layers 27 of the organic EL elements 30R, 30G, 
and 30B had the same A/D ratio and thickness. 
[0049] 

10 As to this organic EL display device 1, the luminous efficiencies of the organic 

EL elements 30R, 30G, and 30B were measured and they were 3.2 cd/A, 15.3 cd/A, and 
2.3 cd/A, respectively. That is, in this example, the luminous efficiencies of the 
organic EL elements 30G and 30B were lower than those in Example 1. In addition, 
this organic EL display device 1 displayed a white screen under the same driving 

15 conditions as those in Example 1, and as the luminous efficiencies of the organic EL 
elements 30G and 30B decreased, white balance was lost and redness was increased. 
When the driving currents of the organic EL elements 30G and 30B were increased to 
correct this, the power consumption in displaying a white screen was increased to 62 
mW. 

20 [0050] 

(Example 2) 

The organic EL display device 1 illustrated in FIG. 2 was manufactured by a 
method similar to that described in Example 1, except that the thickness of the hole 
injecting layer 27 corresponding to the organic EL element 30R for red was 10 nm, the 

25 thickness of the hole injecting layer 27 corresponding to the organic EL element 30R for 
green was 30 nm, and the thickness of the hole injecting layer 27 corresponding to the 
organic EL element 30R for red was 40 nm. That is, in this example, differences in 
both A/D ratio and thickness were made among the hole injecting layers 27 of the 
organic EL elements 30R, 30G, and 30B. 

30 [0051] 

As to this organic EL display device 1, the luminous efficiencies of the organic 
EL elements 30R, 30G, and 30B were measured, and they were 3.6 cd/A, 22.7 cd/A, and 
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4.5 cd/A, respectively. That is, in this example, the luminous efficiency of each of the 
organic EL elements 30R, 30G, and 30B was improved compared to Example 1. In 
addition, this organic EL display device 1 displayed a white screen under the same 
driving conditions as those in Example 1, and the luminance was drastically increased. 
5 Then, the driving currents of the organic EL elements 30R, 30G, and 30B were 
decreased such that the panel front luminance became 40 cd/m 2 , and the power 
consumption in displaying a white screen was decreased down to 24 m W. 
[0052] 

[Effect of the Invention] 

10 As described above, in the present invention, a difference in composition is 

made between hole injecting layers of at least two of first to third organic EL elements 
that emit light of different colors from each other. Thus, a difference in electron-hole 
carrier balance x can be made between them, and high luminous efficiency (external 
quantum efficiency) <()ext can be realized in each of these organic EL elements, and in 

15 addition, a difference in luminous efficiency (external quantum efficiency) <|>ext 
between them can be reduced. Therefore, according to the present invention, both 
high luminance and low power consumption can be realized in all organic EL elements. 

That is, according to the present invention, an organic EL display device is 
provided which can realize both high luminance and low power consumption in all 

20 pixels that emit light of different colors from each other. 

[Brief Description of the Drawings] 

[FIG. 1] A cross-sectional view schematically illustrating an organic EL display device 
according to a first embodiment of the present invention. 
25 [FIG 2] A cross-sectional view schematically illustrating an organic EL display device 
according to a second embodiment of the present invention. 

[Explanation of Reference] 

1 — Organic EL Display Device 
30 2 • • Array Substrate 

3 Sealing Substrate 

4 — Sealing Layer 
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11 - Substrate 

12 Undercoat Layer 

13 — Undercoat Layer 

14 — Semiconductor Layer 
5 15 • • bate Insulating Film 

16 - Gate Electrode 
20 - TFT 

21 — Interlayer Insulating Film 
23 ••• Source-Drain Electrode 
10 24 — Passivation Film 

25 -Anode 

26 -. Partition Insulating Layer 
26a, 26b ••• Insulating Layer 

27 — Hole Injecting Layer 
15 28 ••■ Light Emitting Layer 

29 - Cathode 

3 OR, 30G, 3 OB - Organic EL Element 
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